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§19. Optimization of ECH by Polarization 
Control 
Notake, T. (Nagoya Univ.), Idei, H., Kubo, S., 
Shimozuma, T., Yoshimura, Y, Ohkubo, K., 
Takita, Y., Kobayashi, S., Ito, S., Mizuno, Y., 
Inagaki, S., Nagayama, Y., Narihara, K. 
The control of incidence wave polarization is a very important 
issue in the Electron Cyclotron Heating (ECH). To generate a high 
electron temperature plasma by optimizing the state of polarization 
and to research confinement characteristic of the plasma in the 
collisionless region are important theme of LHD. In Electron 
Cyclotron Current Drive (ECCD) and Electron Bernstein Wave 
Heating (EBW), the oblique injection is required. The 
electromagnetic wave with the specific elliptical polarization is 
necessary to excite the ordina:ry mode or extraordinary mode, which 
propagates obliquely to magnetic field. In this case, to control both 
ellipticity ~ and azimuthal angle a of elliptical polarization is 
important. 
In order to examine the heating efficiency to incidence 
polarization experimentally, we scanned polarization and analyzed 
the response of Electron Cyclotron Emission (ECE). Figure 1 and 2 
show typical time evolution of the ECH monitor and ECE signal 
respectively. Seven gyrotrons (three 1680Hz lines, two 840Hz lines 
and two 82.60Hz lines) are used to pnxluce high electron 
temperature plasma The power of a 1680Hz gyrotron was 
modulated with 50Hz and the azumuthal angle a of elliptical 
polarization (fixed rFO, that is linear polarization) was scanned by 
rotating the polarizers which are installed at the transmission line 
(5.5U-port injection). The huge frequency component modulated by 
ECH is observed in the ECE response when a specific polarized 
wave (a= -30) was injected, as shown in the Fourier analysis of 
FigJ. In this way, the dependence of heating efficiency on the 
polarization state was analyzed (see Fig 4), the importance of 
polarization control and optimization were demonstrated. 
The polarization state of injection beam is only based on 
numerical calculations. The a angle of -60 degree is calculated 
numerically as the best angle for 1680Hz second hannonic heating 
because it excites almost extraordinary mode wave. While in the 
experiment, the a angle of -30 degree is most effective (see FigA). 
So, there is a difference between the numerical calculation and the 
experiment. Although this difference is not explained clearly here, it 
may come from the gap of between a setting polarization state by 
polarizers and actual incidence polarization state, or a slight change 
of polarization state at the mitemend. Therefore, it is important to 
measure the polarization state experimentally. 
As future wOlks, to examine of polarizer perfonnance by using 
real-time polarization monitor which is developing now, and to 
optimize incidence polarization state are important. 
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Fig.!. Time evolution of the ECH monitor 
-3.490(m} 
-- 3At7(m) 
- - 3.3!8(m} 
----- 3.3J9(m) 
••• • • J.270(m) 
,. - ,~ l: HIIUH 
0.5 0.6 0.7 0.8 0.9 
Time(s) 
Fig.2. Time evolution of the ECE signal 
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Fig.3. Frequency component of ECE 
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Fig.4. Heating efficiency to polarization 
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